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ABSTRACT 

PURPOSE: To manufacture a high-quality tip easily at a low cost for a tip 
for a cutting tool coated with ultra-hard film such as diamond film by 
polishing only part of a rake face directly composing a cutting edge in the 
ultra-hard f i Ira. 

CONSTITUTION: A corner part 5 directly composing a cutting edge except for 
a center part 3 in a rake face of a base material is set high, and only 
ultra-hard film on the corner part 5 is finished to be smoother than 
surface roughness when the film is produced for forming a tip for a cutting 
tool. For this tip, a surface of the base material is processed with more 
than one sorts of elements of groups la. Ill, IVb, Vb preliminarily, it is 
then coated with the ultra-hard film in a vapor phase synthesis method, and 
only the ultra-hard film on the high corner part is polished. 
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(54) [Title of the Invention] 

Tip for Cutting Tool Coated with Ultra-hard Film and Method for 
Producing Same 

(57) ABSTRACT 
[PURPOSE] 

To manufacture easily and at low cost a high-quality tip for a cutting 
tool coated with ultra-hard film such as diamond film, by polishing only part 
of a rake face directly forming a cutting edge in the ultra-hard film, 
[CONSTITUTION] 

A corner part 5 directly forming a cutting edge, except for a center part 
3, in the rake face of a base material is set high, and only the ultra-hard film 
on the corner part 5 is finished to be smoother than the surface roughness 
when the film is produced for forming a tip for a cutting tool. For this tip, a 
surface of the base material is preliminarily processed with one or more 
element of element groups la, III, IVb and Vb, and is then coated with an 
ultra-hard film by a vapor phase synthesis method, and only the ultra-hard 
film on the high corner part is polished. 

CLAIMS: 

1. A tip for a cutting tool coated with ultra-hard film, having corner parts 
formed high to have a step difference in a surface constituting a rake face of a 
base material coated with ultra-hard diamond and/or diamondlike carbon film 
formed by vapor phase synthesis, surfaces of said ultra-hard film only of said 
formed-high corner parts to have a step difference in said rake face being 



2- 



hard film. 

2. A method of manufacturing a tip for cutting tool coated with ultra-hard film, 
characterized by sandblasting the surface other than corner parts of a base 
material to constitute a rake face in order to lower the sandblasted surface 
level than the level of said corner parts, by forming then a diamond and/or 
diamondlike carbon film over said base material by vapor phase synthesis, and 
by finishing only the ultra-hard film of said high corner parts in the rake face 
smoother than the surface roughness of the originally formed film. 

3. A method of manufacturing a tip for cutting tool coated with ultra-hard film, 
comprising: a step of processing a base material in the presence of at least one 
element or compound thereof of the element groups la, III, IVb and Vb, a step 
of sandblasting the surface other than the corner parts of said processed base 
material to constitute a rake face in order to lower the sandblasted surface 
level than the level of said corner parts, a step of forming a diamond and/or 
diamondlike carbon film over said sandblasted base material surface by vapor 
phase synthesis, and a step of finishing the ultra-hard film of said high corner 
parts only in the rake face smoother than the surface roughness of the 
originally formed film. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

This invention relates to a tip for a cutting tool coated with an ultra- 
hard film and used for cutting metal such as aluminum alloy or the like, 
cermet, ceramic or structural materials such as plastic complex materials or 
parts including machine parts, optical parts and electronic parts, and relates 
also to the manufacture of such tip. 
[0002] 

[RELATED ART] 



various base materials wiiose surfaces are coated with diamond film, and 
throwaway tips made of hard metal and coated with a diamond film are also 
known. 
[0003] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

The thickness of the diamond film of throwaway tips is 3 - 5 jjm and 
its surface roughness is as smooth as 1 - 3 pm Rmax, and the cutting edge of 
the tips does not tend to get significantly rounded. Hence, they are generally 
used as cutting tips without being given further processing. Further 
polishing of such tool tips, if attempted, needs to be overall polishing which 
requires additional processings and which cannot easily warrant uniform 
finishing. On the other hand, the adhesion strength of any currently 
available diamond film to its base hard metal is low. A basic problem here is 
that both film thickness and film adhesion strength high enough to withstand 
additional surface polishing are practically unobtainable. 
[0004] 

[MEANS FOR SOLVING THE PROBLEMS] 

With a view to solving the problems of the diamond film adhesion 
strength to hard metal and the surface polishing of the diamond film, the 
inventors repeated tests focused on the two points of polishing a minimum 
necessary part and increasing the film adhesion strength by preliminarily 
processing the base hard metal surface. 
[0005] 

As a result, the inventors have developed a process of polishing only 
the film formed on the high corner part 5 of the rake face of a tip in Fig. 1, by 
scraping down the central part 3 only of the rake face to a lower level by 
sandblasting, leaving the corner part 5 unetched to have a step difference 4. 
The film may be formed by a publicly known method or by a new vapor phase 



[0006] 

The base metal is preliminarily processed in the presence of one or 
more elements or compound(s) of the element groups la, III, IVb, Vb to have a 
portion of such elements taken into its surface layer metal in bond phase, for 
the purpose of preventing the bond phase metal from diffusing to the base 
metal surface when a film is formed by a vapor phase synthesis. This 
preliminary processing provides an increased adhesion strength of the ultra- 
hard film, and also provides a lioticeably increased film thickness of over 20 
Mm, compared with 3 to 5 um obtainable by a conventional method. 
Consequently, the cutting tool life is improved, but the cutting resistance by 
the rough rake face is increased so that polishing of the formed film surface is 
more necessary, although it was less necessary in the conventional method. 
However, the necessary polishing of the rake face is limited only to the high 
corner parts and can be performed all at once easily and uniformly in a short 
time. 

[0007] 

The present invention is more fully disclosed in the following 
description of preferred embodiments. Although the preferred embodiments 
disclose tips made of hard metal represented by WC-Co as compared to the 
conventional art, however, needless to say, the present invention can cover 
tips made of other materials including sintered titanium carbide alloys and 
cermet materials such as those comprising hard compound and bond metal. 
Also, in, before or after the steps shown in the preferred embodiments, a 
known or new step or steps including polishing of base material surfaces may 
be added prior to the processing. 
[0008] 

[EXAMPLE 1] 

Fig. 1 illustrates a preferred embodiment of a throwaway tip having 
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advantages of the present invention can be most effectively displayed. In 
Fig. 1, a central part 3 other than a corner part 5 of the rake face of a WC- 
5%Co hard metal tip 1 is formed lower so that said corner part has a step 
difference 4 of 10 to 30 pm. Coating this tip with diamond film by vapor 
phase synthesis produces the film on all over the surfaces, or, if carbon paste 
is previously applied to the low central part 3, on the surfaces of the high 
corner part 5 and at least a corner R part 6 of the sides. The surface 
roughness of thus formed film is approximateiy i to 3 pm Rniax and is 
therefore applicable as it is to relatively rough cutting, but is finished by the 
following additional polishing because the cutting resistance is high and 
because it is often required to produce high-precision cut surfaces. 
[0009] 

The surface of the corner part 5 is ground by a skiver or a diamond 
wheel to a roughness of approximately 0.1 jum Rmax or below. Since the 
corner part 5 is formed high, more than one tip may be arranged and 
efficiently polished altogether at once. Polishing the corner R part 6 
constituting a cutting edge, i.e., a relief surface, of the tip poses no problem. 
The inventors succeeded in applying this polishing to a surface film formed on 
a hard metal tip that had been immersed in a 300 °C molten boric acid (H3BO3) 
solution for 20 minutes and then been treated for film formation for 6 to 10 
hours at a pressure of 100 Torr, gas composition of H2-O.5 vol % CH4 and a tip 
temperature of 850 °C in a hot filament CVD equipment. Thus formed film 
had a thickness of 15 to 20 pm and a surface roughness of 1 to 2 |um Rmax, and 
the residual film thickness on the ground part after the polishing was 10 to 15 
|um. •■ . • - 

[0010] 

The step difference 4 is 10 to 30 jum high and was produced by 
sandblasts (abrasive grains of SiC #80), applied at a blast pressure of 4 kg/cm^ 



f'"^' 30 seconds per snndbi^'-t. tb-: hnrcl n^^^^r:! *\n ] \ \:--^'^cxc forrv:?'^:^]"} \{< 
surface film, with the corner part 5 masked with vinyl tape. The shape and 
size of the corner part 5 can be freely set up depending on its cutting direction 
and conditions. Preferred embodiments 2 and 3 show different treatments of 
this tip. 
[0011] 

[EXAMPLE 2] 

A hard metal tip 11 identical with the one shown in the preferred 
embodiment 1 was given heat creatmenLS in a hot filament CVD equipment 
under the following conditions. 
Heat Treatments 

Filament temperature: 2150 °C 

Base material surface temperature: 850 °C 

Pressure: 100 Torr 

Gas composition Heat treatment 1: H2-1%'CH4, 1.5 hr 

Heat treatment 2: H2-1%CH4, 1.5 hr 

Heat treatment 3: H2-2%CH4, 1.5 hr 

Heat treatment 4: H2-2%CH4, 3.5 hr 

Gas flow rate: 500 seem 

[0012] 

Soot Removal and Inspection 
Upon completion of each of the heat treatments 1, 2, 3 and 4, the treated 
material was taken out of the equipment, deposit (soot) mainly comprising 
carbon produced on the treated material surface was removed with paper 
napkin, and then the treated material surface was observed through a scanning 
electron microscope (SEM) to ensure that the deposit is removed and to 
examine the size and amount of precipitates. 
[0013] 

Coating with Ultra-Hard Film 
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produced any more and also when the material surface had been saturated with 

precipitates, under the following coating conditions. 

Filament temperature: 2150 "^C 

Base material temperature: 850 °C 

Pressure: 100 Torr 

Gas composition: H2-0.5%CH4, 10 hr 

Gas flow rate: 500 seem 

[0014] 

The surface coated with an ultra-hard film of only the high corner part 
of the rake face was polished by a skiving machine, and that of the corner R 
relief side by a tool polishing machine, using a #800 diamond wheel. 
[0015] 

The condition and the polishing test results of said coated surfaces and 
said coated and polished surfaces are as listed in Table 1 and Table 2, 
respectively. 
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[0018] 

The conditions used for the cutting test were as follows. 
Type of machining: Wet-type continuous turning 

A390-T6 Al-18%Sil 
800 m/min 
0.1 mm/rev 
10% emulsion 
SPGN120308 
FP14L-33 



Test material: 
Cutting speed: 
Feed rate: 
Cutting fluid: 
Tool: 
Holder: 
[0019] 

[EXAMPLE 3] 

The inventors experimented the use of a molten borax solution, the use 
of a sodium hydroxide aqueous solution, the use of a potassium hydroxide 
aqueous solution, and the use of a salt saturated aqueous solution, 
respectively, in place of the molten boric acid solution, as a preprocessing 
prior to the film formation on the surface of a hard metal tip by the vapor 
phase synthesis. As a result, the processing with borax, sodium hydroxide, 
potassium hydroxide, and saturated salt water, in this order, exhibited highest 
to lowest effects. Some effect was also obtained by processing in an or 



NH^ :il ::];!::::■;• \v!i:.rc N aioins were present in phijc of C L-ioins. Tiie 
inventors determined, therefore, that, for the purpose of this invention, the 
processing of the tip surface under the presence of not less than one element 
or compound thereof of the element groups la, III, IVb and Vb is an essential 
requirement for the tip manufacture. 
[0020] 

While finishing of the ultra-hard metal surfaces by conventional 
machining using a skiver or diamond was shown hereinbefore, other publicly 
known or new finishing means including those using a high-energy source 
such as laser or ion beam may be used in the application of the present 
invention. 
[0021] 

[EFFECTS OF THE INVENTION] 

In the application of this invention, only the corner parts directly 
composing cutting edges of the rake face of cutting tool tips will be formed 
high and only the corner parts will be polished. In the manufacture of such 
tips, therefore, surface film formation and polishing can be selectively, 
uniformly and easily performed. In addition, corner parts can be easily 
formed by sandblasting; the corner part surface roughness can be machined to 
a finishing of below 0.1 pm Rmax because the base material surface is 
previously processed so as to increase the adhesion strength of film formation 
onto it; finishing time is short because the rake face area to be finished is 
limited to said corner parts only; and the cost of finishing a square throwaway 
tips is significantly reduced to 1/12 ~ 1/6. Tips, thus finished, can perform 
cutting with high precision over a long life. 
[BRIEF DESCRIPTION OF THE DRAWING] 

[FIG. 1] An oblique bird's-eye view of a throwaway tip, showing one of 

the preferred embodiments 
[Representation by Numbers] 
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